Previous research, based on potential conflicts analysis, has provided a quantitative evaluation of 'proneness' to red-light running (RLR) behaviour at urban signalised intersections (Giuffrè & Rinelli, 2006) varying geometric, traffic flow and driver characteristics. Recent study (Bell, Galatioto, Giuffrè, & Tesoriere, 2012) demonstrated the potential to use micro-simulation models to evaluate the 'proneness' to RLR behaviour at urban signalised intersections in Italian cities, varying flow characteristics and stop line distances.
Introduction
Evidence of the human and financial cost to individuals and Governments (Retting & Williams, 1996) of Red-Light Running (RLR) at signalised junctions has led to several studies over the recent decades. Also, various research (Mohamedshah, Chen, & Council, 2000; Milazzo, Hummer, & Prothe, 2001) analysed the effects of the RLR phenomenon on road safety. They all highlight both a very high frequency and the respective magnitude of the consequences (Wissinger, 2000) .
intersection after the onset of the red signal.
Particularly in urban areas, many studies have been developed both on safety at signalised intersections -refer to Giuffrè, Granà, Marino, and Corriere (2011) -and on the set up of the traffic light signal timings, that is crucial to ensure that driver are likely to respect the signals. The FHWA (2003) suggests that the traffic light signal timings should be reviewed and updated regularly (every two years) in order to adapt the timings to the modified traffic demands. In particular, well-defined traffic light signal timing can reduce driver frustration resulting from extremely short or extremely long cycle duration (Kennedy & Sexton, 2009 ).
The setup of the traffic light signal timings and phases is based on the specific characteristics of the junction and the single approaches. There are philosophies and studies that indicate both shorter and longer cycle duration for reducing violations at signalised junction (Sze, Wong, Pei, Choi, & Lo, 2011; Koh & Wong, 2007) . A driver that expects to wait for a not excessive period of time may be less prone to accelerate to beat the amber or to run during the red phase. Different studies, summarised by (Chodur, Ostrowski, & Tracz, 2011) shown the effects of cycle length vary on traffic and driver.
Although acknowledging that the human factors component of RLR is important, different studies in the past have considered the qualitative influence of both human, vehicle and road factors. From an engineering point of view the availability of qualitative data alone is insufficient in order to establish appropriate countermeasures against the RLR phenomenon on the decision making process. For this reason there is also a strong need to evaluate quantitatively the proneness to RLR. However, availability of this quantitative data is scarce.
Recent application from the authors Bell, Galatioto, Giuffrè, and Tesoriere (2010) , and Bell et al. (2012) have tried to extend the traditional empirical and probabilistic approaches by assessing the proneness to RLR using a micro-simulation model in a signalised junction. In this first attempt it was demonstrated how the modelling tool has potential capability to evaluate the effect of geometric designs, operational conditions and traffic flow volumes on the unintentional RLR violation rates. Because of the potential value for traffic operators and Local Authorities of the extended use of existing micro-simulation models, already setup in their areas of competences and cities, to identify potential high risk junctions and road layouts, this paper demonstrates how the same above mentioned approach can be transferred into a different study site.
Moreover, acknowledging that RLRs behaviour is influenced by the traffic light timings, usually setup to optimise traffic movements at junctions, and related delays and stops, the authors in collaboration with the local police defined two sets of traffic light cycles and several green times changes in order to measure how the RLR rates will be affected.
Finally, this paper seeks to calibrate and validate a micro-simulation tool that could be used to minimise proneness of RLR at the design stage. The junction used for the research is described in the following case study section. The paper will continue describing the potential for the validated micro-simulation model to predict the proneness of links / streams to RLR. Finally, the micro-simulation method validated here will provide evidence of its potential use to explore, at a design stage, different geometric layouts and traffic light control strategies.
Case Study
A road intersection (see Figure 1) in Enna, Italy, was studied in detail over an extensive period of 13 days.
Numerous business activities characterise the study area, such as bars, offices overlooking arms 2 and 3, while in the left side on the corner between arm 1 and 4 there is the elementary school "De Amicis". Other businesses (such as banks, wine bars, restaurants) are in close proximity of the intersection, increasing the pedestrian movements especially during day time. Moreover, the intersection connects the city to the area used for the weekly market placed at the Europa square.
The location and type of businesses in the area studied are identified in detail in Figure 1 (right).
The red-light running information have been collected by manual on-street measurements and validated using video surveys used to monitor traffic flows and speed over the survey period.
The junction is a typical four arm intersection with a main road, namely Viale Diaz, indicated in Figure 1 with arm 1 and 3, both two ways and one lane road; and a secondary road, namely Via Libertà, with arm 2 and 4, where arm 2 is a two lanes one way road and arm 4 a two ways road with one lane for each direction.
The intersection as represented in Figure 1 (left) is an isolated signalised junction. Only other priority junctions are present in close proximity of the junction studied, for clarity in Figure 1 (left) the 2 closer priority junctions in each arm have been represented. This condition provides an arrival pattern which is not dependent on other traffic light timings avoiding platoon arrival patterns as well. The duration of the traffic-light cycle (C) before the modification made for the purpose of this study, was equal to 84 seconds. During the monitoring period a variation of the traffic-light cycle has been setup according to the following modifications:  increase of traffic light cycle from 84 to 94 seconds;
 variation of green and red time keeping the duration of the cycle constant.
In Table 1 are presented for the two directions the different traffic light timings setup through the monitoring period. The traffic light cycle consists of 2 phases along the two roads. During the monitoring period the traffic light cycle was modified for a period of 7 days while for the remaining 6 days was maintained identical to the original standard duration.
The traffic light duration has been modified according to Vol. 6, No. 10; the volumes of traffic for the different arms were on the range 100 up to 1,000 vehicles per hour, with the highest flow coming from Via Liberta' arm 2, which has 2 lanes, the capacity of each link was considerably greater than the maximum flow measured with expected Level of Services A or B. However, in this paper was not assessed the performance of each traffic light setting in term of Level of Services.
With reference to Figure 2 there is a clear underlying trend between day 1 and day 8 of progressive reduction of the number of violations in the main direction, while in the remaining period, when the traffic light setup was maintained constant and equal to day 1, it shows a progressive increment of the violation toward a rate similar to the beginning of the survey period.
In Figure 2 are presented the number of violations and the cycle times (in seconds) along the main and secondary roads.
Figure 2. Number of violations and related traffic light cycle during the 13 days of observation along the main and secondary roads
During weekdays the daily traffic of the junction is 11,500 vehicles, while on the main road is 7,300 veh/day and 4,200 veh/day on the secondary road.
On-site Measurements
After the validation exercise, it was possible to assume that the actual RLRs events were equal to the violations observed. Table 2 aggregates the violation rates based on violation/hour, violation/1,000 vehicles and violation per 10 000 vehicles-cycle for the selected intersection.
The collection of the data, using video recording, postprocessing and manual techniques was carried out on a daily basis for 11 hours of relief on both directions from 7:30 to 13:30 and from 15:30 to 20:30. 
Microsimulation Tool Description
Microscosimulation models are considered the most powerful and appropriate traffic analysis tools when the aim is to reproduce movements of individual vehicle in a network (through junctions, along section of roads, etc.). In this paper a novel approach to modelling RLR with traffic micro-simulation demonstrated in (Bell et al., 2012) has been applied to demonstrate the transferability of the approach and to evaluate the ability of the micro-simulation model to reproduce the RLR phenomena when traffic light operations (Cycle and green timings) changes. For consistency of the results and to demonstrate the transferability of Bell et al. (2012) approach the AIMSUN model (http://www.aimsun.com/wp/) was used.
The microsimulation model has been setup to represent the 4 arm junction studied, including traffic light setup, pedestrian crossings and stop-line. Different parameters, such as reaction time at traffic light stop-line, max/min acceleration and deceleration, headway and speed limit have been included to improve the capacity of the model to reflect driver behaviour at the signalised intersection simulated. Hourly Origin-Destination matrices for each of the 11 hours monitored each day have been setup using the traffic flow measurements made during the survey period.
Validation and Discussion of the Micro-simulation Model of RLR
A validation exercise has been carried out in order to assess the model performance against the ability to reproduce measured data. The comparison of flows, from direct observation, with those predicted, from the microsimulation shows a very good agreement (with a regression coefficient of R 2 of 0.99, Figure 3) for the whole flow range, 110 to 1,080 vehicles per hour, measured at the junction. It is important to mention that the model was able to reproduce to such a high level of performance the traffic at the studied junction due to the richness of data available as well as to the relatively straight forward junction geometry, and the richness of the speed and flow information, of essentially an isolated junction with fixed time plans. Vol. 6, No. 10; In order to simulate the RLR events, and adopting the same methodology used in Bell et al. (2012) , the micro simulation model was set up with a double traffic light at each entry link, one representing the existing traffic light and the second, few metres further down, used as a virtual one. The double traffic light sets per link have been set up with same cycle time and with different offsets (0 to 4 secs with 1sec steps) to ensure that as the vehicle crosses the first stop-line, it is presented with a green with 1, 2, 3 and 4 seconds delay to the start of the red to stop at the following stop-line. In this way, the two possible behaviours, decelerating to stop and accelerating to pass through the junction (in reality during the amber), equivalent to a violation, were modelled. This approach was adopted because the micro-simulator is set up not to allow vehicles to cross a stop-line during the red, thus only the unintentional RLR behaviours have been modelled. The collection of the violations data for the post-processing and analysis was made possible by locating two sets of detectors to count the number of vehicles crossing second by second, specifically for the time period after the amber starts, to evaluate the number of violation for each cycle (see Figure 4) . In order to identify the modelled violations, vehicles crossing the stop line during the amber have been extrapolated from the model outputs using a filtering algorithm.
In Figure 5 an example of how the microsimulation model represents the vehicle crossing during the amber and generating an unintentional violation.
To carry out the RLR microsimulation model analysis hourly matrices between 7:30 hrs and 22:30 hrs, for the 13 days of observations have been prepared and imported into AIMSUN.
Five runs per scenario have been produced in order to calculate the average value of the number of unintentional violations associated to the main and secondary directions. 
Comparison of RLR Measurements with Microsimulation Results
The results obtained from the microsimulation model analysis are represented and compared in Figure 6 . The microsimulation performs well at the beginning and at the end of the observed period with small differences, this is probably due to the fact that microsimulation model and the representation of driver behaviour is more similar to a long-term observation with the same traffic light setup, where the usual drivers know well the timings and are more aggressive and take more risks. In fact while between the 3 rd and 12 th day most of the observation show a similar behaviour/trend, the simulated violations are generally greater than the observed ones. This it is probably due to the fact that during the 3 rd and 8 th day the traffic light setup has been changed daily generating uncertainty to the usual drivers who felt less confident and then less aggressive, leading to a substantial reduction on the number of violations with the minimum of 1 violation the 8 th day. For this reason the microsimulation model results can be considered as an upper limit of the number of violation expected to occur in the junction for a certain traffic light setup and a certain traffic flow. In fact at the end of the period of observation the difference between simulated and observed violations reduce to 3.
Finally, Between the 8 th and 11 th day the microsimulation presents opposite trend if compared to the measurements, day 8 is the first day of the constant setup after a week of continuous changes in traffic-light cycle and green, this could be the reason of a specific and very different behaviour from the drivers that after day 11 th restart to match the simulation trend.
The information collected during the 13 days of survey highlighted that the variability of the traffic light settings sensibly influenced the number of violation rates by reducing the total numbers, this suggests that a possible countermeasure could be the implementation of an actuated traffic light that accommodating the variations of traffic flows during the day will modify the cycle and green timings generating a limited but effective variability that could replicate the changes implemented during the 13 days of survey. This is expected to produce the beneficial effects measured. Moreover, looking in detail at the junction layout and on-street parking characteristics (Figure 7 ), another potential countermeasure could be to implement the prohibition of on-street parking in close proximity of the junction, in particular on the right hand side where the traffic signal is located (Figure 7 ), this will improve significantly the visibility of the traffic signal at a sufficient distance and will capture the drivers' attention with positive effects by reducing the unintentional violations. Figure 7 . View of the junction studied from Viale Diaz
Conclusions
Building on the findings from previous study from the authors (Bell et al., 2012) , in this paper, a detailed analysis of the violations occurred in a 4 arm junction in Enna has been carried out and interesting patterns of the evolution and variation of the number of violation varying the traffic light setup of the junction have been identified.
By testing the new modelling framework using the signalised junction in Enna the first step of a more comprehensive transferability exercise of the modelling approach has been addressed in this paper, also the variability of the traffic light settings allows to make more robust the modelling framework. The comparison between the modelled and observed violation confirms that, except between the 8 th and 11 th day, the microsimulation model performs well in predicting the number of unintentional RLR violations, while when changing daily the timings/cycle the number of observed violations is lower than the modelled, but it follows the same trend.
However, between the 8 th and 11 th day, this preliminary study highlighted a different prediction of RLR violations from the model this, associated to the limited number of days of survey, in particular from day 8 when a constant traffic-light setup has been implemented after a week of modification, clearly identifies an area where further research is required.
These results although encouraging and broadly consistent with the previous study, suggest the need of further investigation on the adaptability of the drivers to the different traffic-light setup, in particular it is anticipated that a more comprehensive survey covering a longer period of observation with limited variation of traffic light timings through each survey period will be developed as part of a future study.
Moreover, while this paper provides other evidence of the potential of the methodological approach developed in Bell et al. (2012) it is intention of the authors to continue to test and diversify the case studies in future research in order to make more robust and consistent the findings and the method adopted.
Finally, because of the potential value for traffic operators and Local Authorities of the extended use of existing micro-simulation models it is needed and planned by the authors to carry out a comprehensive assessment of the entire area of an existing micro-simulation, in order to explore the potential of this approach to identify relationships between violation rates and layout, signal settings and traffic flow volumes of the signalised junctions within the entire area.
